Introduction
Podand ionophores (or podands) are considered to be a class of seco-analogues of macrocycles, yet preorganized hosts for cations. [1] Their chemical and physical properties greatly depend on the structure of their main chain, as well as the structure of the terminal groups. It is necessary to mention that a lot of ionophores of a kind possess valuable physiological activity. For example, a number of podands are recognized as highly active antibiotics. [2] On the other hand, a 4'-fluorospiro[cyclopropane-1,3'-indol]-2'(1'H)-one [3] [4] [5] scaffold and its bioisosteres [6] are important descriptors in different pharmacologically active agents, described as potential drugs for a variety of socially significant diseases.
In such a case, we have made up our minds to prepare a series of podands, consisting of oligoether fragment, "locked" on both ends with the residues of 4'-fluorospiro[cyclopropane-1,3'-indol] ( Figure 1 ) and investigate their properties.
A scalable and practical synthesis of 4'-fluorospiro[cyclopropane-1,3'-indol]-2'(1'H)-one appeared crucial for the success of this work, so the present paper is dedicated to this step of the total synthesis.
Experimental
All the solvents were purified by standard methods. [7] Melting points of the compounds were determined on Buchi M-565 apparatus (corrected values obtained at 1 °C/min heating rate are presented). IR-spectra were recorded in Nujol mulls on a Spekord M-82 apparatus. Elemental analyses were performed on Vario EL Cube apparatus. GC/MS analyses were carried out using Varian Saturn 2100 GC/MS-spectrometer. 1 H, 13 C and 19 F NMR spectra were recorded on Bruker Avance III 400 NMR-spectrometer, equipped with a broad-band sensor with Z-gradient in DMSO-d 6 at 30 °C (internal standard -TMS). H HOESY-spectra were recorded in the proton supervision mode and mixing period was 0.5 s.
A mixture of 2-(2,6-difluorophenyl)acetonitrile (15.3 g, 12.4 ml, 0.1 mol), 1,2-dibromoethane (152.5 g, 70 ml, 812 mmol), and benzyl(triethyl) ammonium chloride (32.7 g, 144 mmol) was vigorously stirred at 60 °C under protection from atmospheric carbon dioxide. Aqueous potassium hydroxide (prepared from 95 g (1.43 mol; assay ~84.5 %) solid potassium hydroxide and 95 ml of water) was added drop by drop to the reaction mixture. After the complete addition of the alkali, the reaction mixture was vigorously stirred at 60-65 °C for 6 hrs more and left overnight at room temperature. The whole mixture was thoroughly extracted with methyl tret-butyl ether (3×100 ml), aqueous phase was discarded, while the organic extracts were mixed together and evaporated. Traces of water were azeotropically removed with toluene, and the residue was mixed with glycol (150 ml) and solid potassium hydroxide pellets (22.2 g, 0.33 mol; assay ~84.5 %). The reaction mixture was stirred at reflux under protection of atmospheric carbon dioxide, until the evolution of ammonia ceased, quenched with 300 ml of water, treated with activated carbon, filtered and chilled in an ice box. The stirred and cooled solution was made acid to litmus by addition of concentrated HCl (until pH~1-2) and filtered. The filtrate was thoroughly extracted with methyl tert-butyl ether (3×150 ml), while the filter cake (crude 1-(2,6-difluorophenyl)cyclopropane-1-carboxylic acid) was washed with water and air-dried. Combined organic extracts were successively washed with water, brine and dried over anhydrous sodium sulphate. After filter through a silica gel pad, the organic solution was evaporated to dryness, and the viscous residue was treated several times with boiling isooctane. Upon chilling to room temperature, the combined isooctane extracts were separated several times from a small amount of tarry material, and then deposited the first crop of fine crystals of the target compound. The resulting precipitate was filtered off and airdried. The mother liquor was re-concentrated several times in vacuo to render several more crops of crystals. The overall yield of pure 
Results and Discussion

4'-Fluorospiro[cyclopropane-1,3'-indol]-2'(1'H)-one
is a known compound, but the methods for its preparation described in literature are tedious and/or unreliable.
For example, Wilk B.K. [3] has reported the synthesis of this compound upon treatment of 1-(2,6-difluorophenyl)cyclopropane-1-carboxamide with lithium hydride in absolute DMF at 120 for 4 hrs. Noteworthy that the melting point of the target compound was 171.1-172.2 °C (from ethyl acetate). Alternatively, sodium tert-pentoxide in NMP was used as a base for intramolecular N-arylation of technical 1-(2,6-difluorophenyl)cyclopropane-1-carboxamide, conducted at 143-147 °C for 4-9 hrs. [4] Finally, Gontcharov A.V. and Potoski J.R. have reported the synthesis of 4'-fluorospiro[cyclopropane-1,3'-indol]-2'(1'H)-one via 3,3-dialkylation of 4-fluoroindoline-2-one with 1,2-dibromoetane in absolute THF in the presence of LDA, generated in situ from DIPA and n-butyllithium, at -40÷-20 °C. [5] The main drawback of the above mentioned procedures is a com-
bination of highly flammable base with very high or, oppositely, extremely low temperatures of the reaction. On the other hand, preparation of the intermediate 1-(2,6-difluorophenyl)cyclopropane-1-carbonitrile via the a,a-dialkylation of 2-(2,6-difluorophenyl)acetonitrile with 1,2-dibromoethane in the presence of sodium hydroxide and a catalytic amount of tetrabutylammonium bromide [3, 8] has given inconsistent yields of the title nitrile.
To overcome these difficulties, we have totally revisited the whole procedure for the synthesis of phenyl)acetonitrile was synthesized from 2-(chloromethyl)-1,3-difluorobenzene [9] by the known procedure. [10] The latter compound was treated with an excess of 1,2-dibromoethane in the presence of concentrated aqueous potassium hydroxide [11] and an equimolecular amount of Makosza catalyst. [12] These conditions have allowed the complete conversion of the starting nitrile. The reaction mixture was ethered out to yield the desired 1-(2,6-difluorophenyl)cyclopropane-1-carbonitrile, slightly contaminated with 1-(2,6-difluorophenyl) cyclopropane-1-carboxamide. The whole reaction product was treated with an excess of potassium hydroxide in boiling glycol (while partial hydrolysis of the starting nitrile and cyclization of the intermediate amide took place). After quenching the reaction mixture with water and subsequent acidification, the aqueous solution was filtered from a small amount of 1-(2,6-difluorophenyl)cyclopropane-1-carboxylic acid (appears due to the complete saponification), and the target 4'-fluorospiro[cyclopropane-1,3'-indol]-2'(1'H)-one was isolated via extractive work-up of the filtrate. It is necessary to point out that 4'-fluorospiro[cyclopropane-1,3'-indol]-2'(1'H)-one prepared in this manner was crystallized from isooctane (not ethyl acetate) and had a melting point 74.5-76.5 °C, that is not in agreement with the literature values.
[3] The same was observed in the case of 1-(2,6-difluorophenyl)cyclopropane-1-carboxylic acid (melting point -156-157 °C (from toluene) vs. the literature data [11] 150-153 °C). That is why, we had to use a correlation NMR-spectroscopy methods (Table 1 and Table 2 ), together with GC-MS and elemental analyses of these products to establish and approve their chemical structure.
Conclusions
A scalable and simple one-pot procedure for the synthesis of 4'-fluorospiro[cyclopropane-1,3'-indol]-2'(1'H)-one, starting from 2-(2,6-difluorophenyl)acetonitrile, was developed. The main achievement of this method is that the title compound is prepared and separated in an easy way, and the whole synthesis requires only one cheap base -potassium hydroxide instead of the expensive and flammable bases reported previously. [3] [4] [5] Meanwhile, the method also allows the production of 1-(2,6-difluorophenyl)cyclopropane-1-carboxylic acid useful in the synthesis of different pesticides. [8, 11] 
